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Abstract. We present an improved search for single top quarks in two production modes, j-channel (tb) and f-channel 
(tqb). The search is performed in the electron+jets and muon+jets decay channels, with one or more i-tagged jets, on nearly 
370 pb^' of D0 Run II data collected between August 2002 and October 2004. Impact-parameter based b-quark tagging is 
used to select signal-like events. We use a likelihood discriminant method to separate signals from backgrounds. The resulting 
expected/observed 95% confidence level upper limits on the single top quark production cross sections are 3.3/5.0 pb {s- 
channel) and 4.3/4.4 pb (r-channel). 
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The top quark was originally discovered in 1995, at the Fermilab Tevatron pp Collider Run I by the CDF and 
D0 collaborations fT]. It was observed in its tt production mode via the strong interaction (qq g ^ ti). 
Within the Standard Model, another production mode via the electroweak interaction is possible. This mode is called 
single top quark production as only one top quark is produced with another b quark through the Wtb vertex. As a 
consequence, a measurement of the single top quark production cross section can be used to constraint the magnitude 
of the CKM matrix element Vth and study the properties of the Wtb coupling. The two main Feynman diagrams for s- 
and f-channel single top quark production at the Tevatron Run II are given in Fig. 1. 

Single top quark production has not yet been observed and is more challenging than tt production due to smaller 
cross sections (2.86 pb in total, with .s-channel cross section to be 0.88 ±0.14 pb and f-channel cross section to 
be 1.98 ± 0.30 pb) and a much larger, less discriminable background. We present a new analysis of ^ 370 pb^^ 
of D0 Run II data using a likelihood discriminant method to separate signals and backgrounds and we derive 95% 
confidence level upper limits to the s- and f-channel single top quark production cross sections. 



INTRODUCTION 



(a) 




(b) 




FIGURE 1. The dominant Feynman diagrams for single top quark production at the Tevatron pp Collider: .s-channel, tb final state 
(left diagram) and /-channel, tqb final state (right diagram). In this note, we use the simplified notation tb and tqb which implicitly 
includes all possible charge conjugations. 



THE DO DETECTOR 



The D0 detector for Run II, completely described in f^, consists of a central tracking system, a liquid-argon/uranium 
sampling calorimeter and an iron toroid muon spectrometer. The central tracking system is composed of a silicon 
microstrip tracker (SMT) and a central fiber tracker (CFT), both located into a 2T superconducting solenoidal magnet. 
The SMT detector has about 800000 individual strips and its design is optimized for tracking and vertexing capabilities 
allowing heavy flavour tagging. The calorimeter is longitudinally segmented into electromagnetic and hadronic layers 
and is housed into three cryostats: a central barrel covering [tjI < 1.1 and two end-caps that extend coverage up to 
Tj I < 4. The muon system resides beyond the calorimeter and consists of a layer of tracking detectors and scintillation 
counters before the toroidal magnet, followed by two similar layers after the toroid. Tracking in the muon system relies 
on wide or mini drift tubes depending on the acceptance (up to | Tj | —2). 



ANALYSIS OVERVIEW 

This analysis focuses on the final state topology where the top quark decays into a b quark and a W boson, which 
subsequently decays leptonically (W — > ev,/xv). The general selection is designed to reject misreconstructed events 
and to select a signal-like data sample that is well reproduced by Monte Carlo backgrounds samples. The /^-tagging 
requirement enhances the discrimination between signals and the W-nlight jet and multijet backgrounds. We estimate, 
mostly from Monte Carlo samples, the yields for the main backgrounds after the final procedure which includes 
trigger and selection effects as well as b quark jet tagging. Due to the presence of two dominant classes of background 
with different kinematic properties (W-njets and ff-like events), two likelihood discriminant variables are built. The 
estimated yields and likelihood distributions for the backgrounds are confronted to the number of observed events in 
data to extract 95% confidence level upper limits using a Bayesian fit. 



LIKELIHOOD DISCRIMINANT METHOD 



After the event selection, a final discriminating variable is constructed in order to efficiently characterize the signal 
type events and reject the background type ones, based on the shapes of the mostly uncorrected input variables. 
Examples of likelihood filters outputs for signal and backgrounds are given in Fig. 2 and Fig. 3. 
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FIGURE 2. Electron and muon channels combined. Data to Monte-Carlo comparison for the tqb/tt (left) and tqb/W+]ets (right) 
for single tagged events. 
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FIGURE 3. Electron and muon channels combined. Data to Monte-Carlo comparison for the tb/tt (left) and tb/W+jets (right) for 
double tagged events. 



CROSS SECTION LIMITS 



The number of observed events is consistent with the background prediction for both muon and electron channels and 
for all /7-tagging schemes, within the total uncertainties. We therefore set upper limits at the 95% confidence level, 
using a Bayesian approach [4]. 

The observed (expected) 95 % confidence level limits are 5.0 pb (3.3 pb) for the ^-channel and 4.4 pb (4.3 pb) for 
the f-channel. 
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FIGURE 4. Expected (left) and observed (right) Bayesian posterior densities with 95% confidence level limits for combined 
electron and muon channel and combined fo-tagging schemes. 

This result improves the previous limit published by the D0 Collaboration Both analyses have very similar 
strategies, the main differences being the b-tagging algorithm, the final discriminant and the integrated luminosity. 
The sensitivities of both methods are very similar. 



SUMMARY 

We analyzed nearly 370 pb^' of data collected by the D0 Run II detector. No evidence has been found for electroweak 
production of the top quark in either s- or f-channel. Separate analyses in electron-njets and muon-njets final state, with 
one or two identified b quark jets were combined to improve the sensitivity. Upper limits at the 95% confidence level 
on the cross section for each s- and f-channel processes have been set using a Bayesian fit to likelihood discriminant 
distributions. The final Umits for the s-channel and for the f-channel are found to be of 5.0 pb, and 4.4 pb, respectively. 
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